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A method for making a fibrous web
and the wiper (71) made thereby which ex-
hibits improved dry, wet and solvent ten-
sile strengths as well as superior resistance
to wet collapse. The web is formed from
a furnish of lignocellulosic fibers and bi-
component fibers, the web having a basis
weight in the range of about 20 Ibs per
ream to about 60 Ibs per ream. Bonding
material (75) is applied in at least one pat-
temn to cach surface of the web, and the
web is creped at least twice from a cre-
ping surface. Lignocellulosic fibers make
up from about 50 % to about 94 % by
weight of the web. Bi-component fibers of
polyester and polyethylene make up from
about 6 % to about 50 % by weight of said

fibrous web. The fibrous web has an undulating disposition due to creping and has first and second strong, abrasion resistant, laminate-like
surface regions interconnected by an absorbent central de-densified core region containing tack-bonded bi-component fibers.
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WO 96/12615 PCT/US95/12478

THERMAL BONDED, SOLVENT RESISTANT DOUBLE
RE-CREPED TOWEL

Background of the Invention

1. Field of the Invention

5 This invention relates generally to unitary

creped, elastomer bonded webs and, more particularly, to

stable, high bulk, multi-fiber, heavy duty towels and wipers

with improved wet and solvent tensile strength and improved

resistance to wet collapse.
10 2. Brief Description of the Prior Art
The paper industry has developed various
disposable products from paper making fibers and other
fibers to serve as substitutes for conventional cloth

.products which are used as wipers, tissues and towels in

15 both the home and industrial environments. It is important

for these products, particularly for wipers and towels to
simulate cloth both in performance and in consumer
perception. Thus, generally speaking, there are certain
physical properties such as softness, strength, stretch,

20 absorbency, ability to wipe dry, bulk and abrasion
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resistance, which must be present depending upon the
particular intended use of the specified product.

' One specific example of this tyﬁe of product is
taught in U.S. Patent No. 3,879,257 to Gentile, et al. Such
patent discloses a' method for making a unitary or single ply
fibrous web having a laminate-like Structure comprised of
Predominantly wood pulp fibers and manufactured according to
a process where the web is bonded, creped, bonded again, and
recreped.

‘Some of the properties mentioned above are
generally considered to be adversely interrelated to one
another. That is to say, an increase or improvement in one
property will usually be accompanied by a decrease in
another interrelated property. For example, an increase in
web density or fiber concentration increases the ability of
thevweb to wipe dry or to pick up moisture due to the
greater capillary action of the smaller spaces between the
fibers. However, the increase in closeness of the fibers
decreases the spaces between the fibers available for
holding moisture. Thus, there is a reduction in the total
water absorbency yield (TWA) of the web.

Perhaps an even more demonstrative example of the
adverse interrelation between properties is represented by
the relationship between Strength and softness of the web.
Generally, conventional methods employed to produce soft
Paper necessarily result in a concomitant reduction in
strength. This is because in a conventional paper product

formed from an aqueous slurry, the principal source of
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strength comes from interfiber bonds formed by the hydrate
bonding process associated with papermaking. Paper which
has a heavy concentration of these papermaking bonds is
generally stiff. To soften the paper, it is necessary to
reduce these stiff bonds resulting in a loss of strength.
Attempts to restore the strength lost by reducing the
papermaking bonds have included the addition to the web of
bonding materials which are capable of adding strength to a
greater degree than adding stiffness to the web. One method
which has been used to apply bonding materials to a web is
to add the bonding material to the aqueous slurry of fibers
and deposit it on the web forming surface along with the
fibers. The bonding material is thus distributed evenly
throughout the web ayoiding the harshness @hich typically
accompanies concentration of bonding material. However,
this method has the disadvantage of reducing the absorbency
of the web by filling the pores between the fibers with
bonding material.

U.S. Patent No. 4,158,594 to Becker,.et al.
teaches a method which reduces the harshness in the web
areas where the bonding material is concentrated.. The
method consists of first forming a fibrous web under
cohditions which resuit in very low interfiber bonding
strength. Strength is then imparted to the web by applying
bonding material to one surface of the web in a fine
spaced-apart pattern. The harshness in the bonded areas is
reduced by tightly adhering the bonded portion of the web to

a creping surface and removing the web from the creping
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surface with a doctor blade, thus finely creping the bonded
portions to soften them. Selective creping of the bonded
areas in the surface of the web Creates contraction of the
surfaces of the web in all directions resulting in an
increase in stretch in both the machine direction and the
cross-machine direction of the web. The portions of the web
which have not had bonding material applied thereto are
generally disrupted by the creping action resulting in an
increase in bulk of the web, an increase in softness of the
web, and an increase in absorbency.

U.S. Patent No. 3,903,342 to Roberts, Jr., teaches
a soft, absorbent, unitary laminate-like fibrous web and
method for producing it. The method consists of forming a
web through substantially planar aligned fibers, applying a
bonding material to one side of the web to penetrate only
part way through the web to form a first surface region
having a surface bonding material and a central core region
free from the surface and bonding material, applying a
surface bonding material to a second surface region of the
web to penetrate only through that surface region, applying
a4 penetrating disposition of bonding material to one side of
the web in a fine, spaced-apart pattern which occupies less
area in theiplane of the web than either of the surface
bonding materials and penetrates through the central core
region to connect the first and second surface regions
together, and adhering the bonded portions of one surface
region of the web to a creping surface in order to finely

crepe those portions of the web upon creping of the web from
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the creping surface. The web preferably comprises
principally lignocellulosic fibers like wood pulp or cotton
linters used in Papermaking, which are short fibers of less
than 1/4 inch in length. However, longer fibers such as
cotton, wool, rayon, regenerated cellulose, polyamide
fibers, acrylic fibers, polyester fibers, and vinyl fibers,
as well as others, may be used. The lenggh of these other
fibers may be up to about 0.5 inches.

U.S. Patent No. S, 246,772 to Manning, teaches a
laminated wiper wherein a preformed bi-component fiber web
is sandwiched between air laid and wet laid webs of
cellulosic fiber. The laminate is run through a pair of
heated rolls, then embossed and taken to a latex application
station.

The processes and webs of the above mentioned
pfior art are not without shortcomings. Although some of
the webs combine properties of softness, strength and Twa,
many will suffer from a propensity to collapse with pressure
or water. In addition, many of such webs will degrade when
used in combination with cleaning solvents, also leading to
collapse. 1In other words, some of the structures rely on a
cavernous plane in the middle of the sheet. This cavernous
plane is what yields the sheet’s bulk and TWA. However,
since the cavernous plane is subject to collapse, much of
the benefit of the added bulk and TWA can be quickly lost.
Summa o e Inv

It is therefore an object of the present invention

Lo provide an elastomer bonded towel or wiper with improved
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wet tensile strength, improved solvent resistance, and
improved abrasion resistance.

It is a further object of the present invention to
provide a wiper suitable for use in industrial, wet wipe and
food service applications.

Yet another object of the present invention is to
provide a wiper with improved bulk, particularly improved
wet bulk through resistance to wet collapse thereby
maintaining a high TWA.

Briefly stated, the foregoing and numerous other
objects, features and advantages of the present invention
will become readily apparent upon reading of the detailed
description, claims and drawings set fort herein. These
objects, features and advantages are accomplished by forming
@ paper web with a furnish which is made up of from about &
to about 50% by weight of bi—componenﬁ fibers having a
length of from about 1/8-inch to 1/2-inch with the remainder
of the furnish being lignocellulosic fiber, preferably
Northern Softwood Kraft. However, the remainder of the
furnish may also be made up of other lignocellulosic fibers
like hardwood, CTMP, and pine. The web may be formed
homogeneously or with a stratified headbox. If formed with
a stratified head box, the bi-component fiber would be
layered between layers of cellulosic fiber but would not
necessarily be the only fiber component of the central
layer. The web preferably has a basis weight in the range
of from about 20 to about 60 pounds per ream of 2880 square

feet (based upon bone dry fiber weight).
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The web is formed with the modification of the
process described in U.S. Patent No. 3,879,257 to Gentile et
al. which is hereby incorporated herein by reference. Each
surface region of the web has bonding material disposed
throughout to bond the fibers into a strong network and
impart abrasion resistance to both sides of the web. The
central core region of the web, which if the web is formed
with a stratified headbox, is made up of a substantial
amount of bi-component fibers, preferably in the range of
from about 20% to about 80% by weight of the central core
region, and provides a relatively low density network of
fibers held together at crossovers of such fibers. Bonding

at the crossovers is accomplished by heating the web to the

'tack point of -the sheath material of the bi-component fiber.

Pressure from hot air impingement on the web or web tension
as the web travels about a peripheral segment of a hot air
through dryer drum is all that is necessary to obtain
optimum bonding of the bi-component fiber. A pressure nip
or hot calender roll is not required. In such manner, the
central core region of the web is substantially locked into
an open, low density structure providing for a high total
water absorption capability (TWA) as well as a resistance to
wet collapse. In addition, the interlocked bi-component
central core region yields increases in the dry, wet and
solvent tensile strengths of the web. Wet and dry tensile
strength increases are in the range of 30% while wet bulk
improvement is improved by about 25%. in addition, the

interlocked, open, bi-component central core region yields a
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significant increase in resistance to Z-direction peel.
Further, because the bi-component central core region
bonding is accomplished through heating to the tack point of
the sheath of the bi-component fiber, those lignocellulosic
fibers in the surface regions which contact bi-component
fibers in the core region will also become bound thereto
during that same heating step in the process. As such, the
amount of latex needed to bond the web may be significantly
reduced.

As mentioned above, the method of the present
invention is to form a fibrous web having a basis weight in
the range of from about 20 to about 60 pounds per ream of
2880 square feet. The fibrous web is preferably formed from
an aqueous slurry and is preferably deposited on a forming
wire by means of a stratified\head box such that the outer
layers of the web are formed principally with
lignocellulosic fibers and the central layer of the web is
formed with bi-component fiber which preferably has a
polyester core and a polyolefin sheath, such as
polyethylene. Other materials such as polyamides or
polyacrylics could also be used as the core material of the
bi-component fiber. Bonding material, preferably latex, is
applied to one surface of the web, preferably in a fine
pattern of spaced portions occupying preferably from about
15% to about 60% of the surface of the web, to provide
strength to the web and abrasion resistance to tﬂat surface,
the bonding material being applied so that it penetrates

into the web preferably from about 10% to about 60_% of the
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finished web product thickness. Bonding material is then
applied to the second surface of the web, again in a fine
pattern of spaced portions preferably occupying about 25% to
about 50% of the surface area of the web to provide
additional strength to the web and to provide abrasion
resistance to that other surface. The bonding material is
applied so that it penetrates into the web preferably from
about 10% to about 60% of the finished web product
thickness. The web is then adhered, particularly in those
locations having bonding material applied thereto, to a hot
creping surface. It is then creped from the creping surface
with the doctor blade to disrupt the hydrogen-bonded pulp
fibers within the web, particularly where elastomeric
bonding material is noﬁ disposed, thereby increasing
softness, absorbency,.and bulk of the web and finely creping
the bonded portions of the web to soften such portions. The
web may then be creped a second time by adhering the second,
uncreped surface of the web to a creping surface, the latex
again serving as the bonding material for adhe:ing the web
to the creping surface. Creping the second side of the web
with a doctor blade again disrupts the fibers within the web

where bonding material has not been deposited, thereby

incréasing softness, absorbency, and bulk of the web.

Further, the bonded portions of the web surface become
finely creped and are thereby softened. Prior to winding of
the web into parent rolls, the web is passed through ovens
which cure the elastomeric bonding agent and the bi-

component fibers after recrepe. The ovens heat the bi-
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component synthetic fibers to the tack point of the sheath
of the fibers, preferably between 220° F. angd 320° F. It is
important that the tack point of the sheath of the bj-
component fiber be greater than 220° F. as it is updesirable
to have any melting of the sheath of the bi-component fibers
occur on the Yankee dryer surfaces. Thus, no bonding of the
core region of bi-component fibers has occurred through the
creping steps with the exception of whatever latex bonding
has occurred in the patterned application thereof. There
will, of course, be no hydrogen bonds created in the central
core region between bi-component fibers. 1In such manner,
the creping steps yield significant bulk to the web. By
oven curing the web to a tLemperature greater than the tack
point of the sheath of the bi-component fibers, the bi-
component fibers are then locked in their open, high bulk
arfangement achieved through creping. In general, the
pressure provided in the oven cure, by either hot air
impingement or web tension on the cure can cylinder, is
sufficient to effect significant bonding.

As mentioned above, the solvent resistance of the
product of the present invention is considerabiy improved,
as is wet bulk, delamination resistance, abrasion
resistance, and cross direction stretch, all at a
significant reduction of latex which should make the use of
such wipers more acceptable when used in conjunction with
detergents and solvents as there will be a reduction of the
amount of latex residue. The wiper products of the present

invention have not only industrial and food service
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applications, but further, the base web can possibly be used
for personal hygiene wipes as well.
Brief Description of the Drawings

Figure 1 is a schematic side elevation view of one
form of an apparatus for performing the preferred initial
steps of the method of the present invention to form the
sheet material of the invention;

Figure 2 is a schematic side elevation view of a
portion of one form of an apparatus for carrying out the
method steps of the present invention in continuation of the
steps performed by the apparatus depicted in Figure 1;

Figure 3 is a schematic side elevation view of a
portion of the preferred form of an apparatus for carrying
out the preferred method steps of the present invention in
continuation with the method steps performed by that portion
of the apparatus depicted in Figure 1;

Figure 4 is a greatly enlarged planar view of a
portion of one side of the sheet material of the invention
to which bonding material was applied in one form of pattern
(dot pattern);

Figure 5 is a greatly enlarged planar of a portion
of one side of another form of sheet material of the
invention to which bonding materiél ié applied in a second
form of pattern (diamond pattern).

Figure 6 is a graph plotting the wet tensile
strength per pound of basis weight of the web of the present
invention versus the percentage by weight of bi-component

fiber contained in the web.
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Description of the Preferred Embodiment

Figufe 1 schematically illustrates the wet end of
a papermaking machine which is capable of forming a web to
which the method steps of the present invention are applied.
There is a head box 10 through which a furnish or slurry of
fibers is delivered to a woven forming wire 12 such as a
Fourdrinier wire. The head box 10 may be structured to
deliver a homogeneous furnish but, preferably, the heéd box
10 is so configured to deliver a stratified furnish to the
forming wire 12. Delivering the furnish to the forming wire
12 creates an émbryonic web which is partially dewatered by
means of vacuum box 14 disposed beneath the wire 12. The
wire 12 is carried through a continuocus path by a plurality
of guide rolls 13, at least one of which is driven by drive
means (not shown). The web is then transferred to a second
carrier fabric 15, which may either be a wire or a felt.
This second carrier fabric 15 is similarly supported for
movement through a continuous path by a plurality of guide
rolls 16.

The transfer of the web from forming wire 12 to
carrier wire 15 can be accomplished by lightly pressing the
carrier fabric 15 into engagement with the web on the wire
12 by means of a pick up roll 17. The web transfer from the
forming wire 12 to the carrier fabric 15 may be accomplished
or assisted by other means such as an air knife 18 directed
against the surface of forming wire 12 opposite the web, or

a vacuum box 20 within the pick up roll 17, or both.
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The web is then transferred from carrier fabric 15
to the surface of a rotatable heated dryer drum 21, such as
a Yankee dryer. The web is lightly pressed into engagement
with the surface of the dryer drum 21 to which it adheres
due to its moisture content and its preference for the

smoother of the two surfaces. As the web is carried by the

~rotation of the dryer drum 21, the heat generated in the

dryer drum 21 substantially dries the web by evaporating the
water contained therein. The web is then removed from the
dryer surface, preferably by means of a creping blade 22.
Figures 2, 3 and 4 illustrate alternative forms of
the apparatus for carrying out the remaining method steps in

the present invention. Referring first to Figure 2, the web

19 creped from the surface of dryer drum 21 in Figure 1, is

passed through a first bonding material application station
24. This station 24 includes a nip formed by a smooth
rubber press roll 25 and a patterned metal rotogravure roll
26. The lower traverse portion of the rotogravure roll 26
is disposed in a pan 27 containing a first bonding material
30. The rotogravure roll 26 applies the bonding material
30 to one surface 31 of the web 19 in the pattern engraved
on the surface of the rotogravure roll 26 as the web 19
passes through the nip. The web 19 may then be passed
through a drying station 29 where the adhesive is dried or
set sufficiently to prevent it from sticking to the press
roll in the next bonding material application station 32
where bonding material is applied to the opposite side 33 of

the web 19. The second bonding material application station
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32 includes a smooth rubber press roll 34, a rotogravure
roll 35 and a pan 36 containing a second bonding material
37. This second bonding material is also applied to the web
19 in a patterned arrangement. The pattern of the.
rotogravure roll 35 need not be the same pattern as that on
rotogravure roll 26. Further, even if the two patterns are
identical, it is not necessary to register the two patterns
to each other.

The web 19 is then pressed into adhering contact
with the creping drum surface 39 by means of a press roll
38. The second bonding material 37 causes only those
portions of the web 15 where it has been disposed to adhere
tightly to the creping surface 39, the web having already
been dried on the surface of dryer drum 21. The web 19 is
carried on the surface of the creping drum 39 and then
removed therefrom by the action of creping doctor blade 40.
In such creping operation, the doctor blade 40 imparts a
series of fine fold lines to the portions of the web 19
which adhere to the creping surface 39. At the same time,
the creping action causes the unbonded or lightly bonded
fibers in the web to puff up and spread apart, forming
shaped web portions having excellent softness and bulk
characteristics. The extent and form of this type of crepe
is controlled in part by the pattern in which the web is
adhered to the creping drum 39 and the pattern of the
bonding material on the opposite side 31 of the web.

Preferably, the creping surface 39 is heated to increase the
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adhesion of the web to the drum and to dry the web. A
Yankee dryer would provide a suitable creping surface.

The web 19 is then pulled from the creping doctor
blade 40 through a pair of driven pull rolls 41 which
control the degree of crepe by the difference in their
speeds and the speeds of the creping surface. The web 19 is
then passed through a curing oven 42. Curing oven 42 heats
the web to a temperature above the tack point of the sheath
material of the bi—component fibers. This causes the bi-
component fibers in the web 19 to bond with one another
wherever they contact with one another. This bonding locks
the web 19, particularly the bi-component fiber portion of
the web, into the high bulk structure created by the creping
of web 19 from grepiné drum 39. Without such heat setting
of the bi-component fibers to lock them into their high bulk
sﬁructure, much of the bulk gained through creping would be
lost as the web 19 is wound into a parent roll 43 by
conventional winding means. In addition, the structure and
fiber arrangement achieved through creping would be
susceptible to wet collapse. The heat setting of the bi-
component fibers further imparts added tensile SCrength to
the web in that the web, whether homogeneous or stratified,
includes therein a structure of interbonded bi-component
fibers. Such bonds created by the melting or tackifying of
the sheath material of the bi-component fiber are
substantially stronger than typical papermaking bonds.

It will be recognized by those skilled in the art

that various components of the apparatus depicted in Figure
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2 can be rearranged and still accomplish substantially the
same result. For example, the second bonding material
application station 32 can be relocated from its position
preceding the creping drum 39 to a position in the process
after the creping drum 39. Since, in the process depicted
in Figure 2, one side of web 19 is creped twice while the
second side is uncreped, the timing of the adhesive
application to the uncreped side of web 19 is not critical.
Such an arrangement is taught in U.S. Patent No. 3,879,257
which has already been incorporated herein by reference.

Figure 3 illustrates an apparatus for performing
the preferred method steps of the invention following the
formation of web 19 by that portion of the apparatus
depicted ‘in Figure 1. 1In Figure 3, many of the components
of the apparatus depicted in there are identical to the
components described in Figure 2 discussed above. As such,
for purposes of brevity and simplicity, like components have
been numbered identically in Figure 3 as they were in Figure
2.

The web 19 is passed through a first bonding
material application station 24 where first bonding material
30 is applied to the first side 31 of the web 19 in a fine
pattern corfesponding to the pattern of roll 25. The web 19
is then pressed into adhering contact with the creping drum
surface 39 by means of a press roll 38. The bonding
material 30 causes only those portions of the web 19 where
it is disposed to adhere tightly to the creping surface 39.

The heat of the creping drum 39 causes the bonding material
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to tightly adhere the web 19 to the creping drum and to.dry
the web, if necessary. The web 19 is then removed from the
creping drum 39 by means of a doctor blade 40, performing a
first controlled pattern crepe of the web 19.

The web is pulled from the creping doctor blade 40
through a pair of driven pull rolls 41 and then is advanced
about turning rolls to a second material application station
32 which includes a rubber transfer roll 34, a roll 35, and
a pan 36 containing second bonding material 37. This
bonding material is also applied to the web in a pattern
arrangement, again not necessarily the same pattern as that
applied at bonding material application station 24.

After applying the second bonding material to the
web 19, the web 19 is pressed into contact with the second
creping surface 39A by press roll 38A. The web 19 is
carried on the surface of the second creping drum 39A for a
distance and then removed therefrom by means of a second
creping doctor blade 40A, thereby performing a second
controlled pattern creping operation on the web 19. The web
19 is then pulled from the creping doctor blade 40A with the
second set of driven pull rolls 41A and then is passed
through a curing oven 42 in order to heat bond and set the
bi-component fibers in their lofted sﬁructure created during
the creping operation.

Preferably, as mentioned above, the web 19 of the
present invention is formed in a stratified manner such that
the outer layers of the web are comprised of lignocellulosic

fiber of the type used conventionally in papermaking,
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preferably Northern Softwood Kraft. The center layer is
comprised of a substantial amount of bi-component fibers,
preferably of the type having a core and sheath structure
where the core is polyester and the sheath is a polyolefin.
The bi-component fiber content of the center layer must be
sufficient to achieve the desired wet and solvent tensile
strengths with enough wood pulp fibers pPresent so as to
maintain a high degree of absorbency. Preferably, the
amount of bi-component fiber is in the range of from about
20% to about 80% by weight of the center layer. Those
skilled in the art will recognize that there are other bi-
component fiber structures which can be used in order to
pPractice the invention other than a core and sheath
configuration. Bi-component fibers can be formed with the
two components residing in various side-by-side
relationships as well as concentric and eccentric core and
sheath configurations. For the purposes of this application
the terms "core" and "sheath" are intended to include all of
such known and available bi-component fiber configurations.
The bi-component fiber chosen must have a tack point greater
than 220° F. Clearly, the g;ck point of the sheath material
of the bi-component fiber cannot be reached at the surface
of the Yankee dryer. The tacking of the sheath at that
location would inhibit the bulk building characteristics
that are being accomplished in the creping operation.
Typically, the temperature at the Yankee will be in the
range of 200° to 210° F. Further, it is important that the

tack point of the bi-component fiber not be reached at the
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recrepe dryer oven 29. Bonding due to the tackification of
the bi-component fibers at such location would again inhibit
the creation of the bulk intended during the creping
operation at creping drum 29. Most preferably, the sheath
melt point of the bi-component fiber is in the range of
260°F. to 300°F. Thus, curing in curing oven 42 must
generally take place in that same range or slightly higher,
perhaps up to 350°F. Attaining such temperatures in the web
as' it passes through curing oven 42 requires air temperature
in the curing oven to be in the range of from about 400°F to
about S00°F. depending, of course, on the speed of the web as
it passes through the curing oven 42.

The bi-component fibers should have a length in

‘the range of 1/8" to 1/2". pPreferably, the bi-component

fibers are from about 1/4" to about 3/8" in length. The
denier of the bi-component fiber can generally be as high as
5. However, going above 5 denier will make the resultant
web relatively stiff. Preferably, the bi-component fiber
has a denier of approximately 2 to 3. The web should
contain from about 6% to about 33% bi-component fibers by
weight of dry fiber of the total web if the web is a
stratified web. 1If the web is formed homogeneously, then
the amount of bi-component fibers should preferably be in
the range of from about 15% to about 50% by weight dry fiber
of the total web.

Turning next to Figure 4 there is illustrated one
form of sheet material of the present invention in which the

bonding material is disposed in a plurality of closely
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spaced discrete areas. Figure 5 depicts another form of
sheet material of the present invention in which the bonding
material is applied in a reticular net-like’pattern. Both
of these figures show only one surface of the sheet 71 to
which bonding material 75 has been applied, but the opposite
sides of the sheet contain similar areas where bonding
material has been applied. In some embodiments, it might be
desirable to apply a bonding maﬁerial in discreet areas on
one side of the web and in a reticular net-like pattern on
the other side.

As mentioned above, significant tensile strength
is added to the web by means of heat setting the bi-
component fibers. As a result, the amount of latex adhesive
used at the latex application station can be greatly
reduced. The total amount of latex used in the process can
be feduced from about 10 lbs. per ream when there is not
heat set bi-component fiber present down to approximately
4.5 lbs. per ream.

The use of stratified bi-component
polyester/polyethylene fiber used in the process described
herein yields a wiper with substantially improved solvent
resistance. Further, wet bulk and cross machine direction

strength are also improved.. The Table below shows these

advantages.
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TABLE 1
Example| Example No. 2 |Example No. 3
No. 1 | A B 1A B
GRAVURE PATTERN DIAMOND DOT DIAMOND DoT DIAMOND
BW (lbs/ream) S6.9 48.2 49.7 49.7 49.7
TMI BULK 28.5 35.8 28.0 32.2 26.5
NA BULK, DRY 601 702 562 661 593
NA BULK, WET 45S 573 483 648 553
¥ BULK LOSS 24.2 18.7 14 2.0 6.7
MDT (oz.) 97 109 123 182 141
MDS (%) 31 22 31 33 33
CDT (o0z.) 75 SS 63 78 74
CDS (%) 13.5 16 1B.6 25 25
CCDWT (o0z.) 41.6 35 3s 49 54
TWA, g/g - 5.6 5.0 5.5 4.8
TEAR
(Elmendorf Test) - 127 136 270 1s8
PEEL, g
(TAPPI Peel) - 6 45 124 1%0
WEAR (cycles) 30 38 87 68 170
% POLYESTER FIBER 13.5% 12.0% 12.0% 0% 0%
% BI-COMPONENT
FIBER 0% 0% 0% 12% 12%
LATEX, LB/RM 10.3 3.1 4.6 3.2 4.6
SOLVENT CD TENSILE
IPA (02.) 28.6 21.7 21.5 35.7 45.0
MS (oz.) 50.7 40.7 36.7 61.1 61.0
- PCE (o0z.) 26.2 20.4 21.6 34.7 41.0
MEK (o0z.) 20.9 16.4 18.7 32.8 35.0
IPA = isopropyl alcohol
MS = mineral spirits
PCE = perchloroethylene
MEK = methyl ethyl ketone
BW = Basis Weight

LB/RM = pounds per 2,880 square foot ream

MDT = machine direction tensile strength
MDS = machine direction stretch

CDT = cross direction tensile strength
CDS = cross direction stretch

CCDWT = cured cross direction wet tensile strength

In Table 1 above, wear is determined through a test which
measures the wiper product'’'s resistance to abrasive wear.

In the test, a single}ply wiper.is stretched over a flat
plate and clamped in place. The plate is attached to an arm
which is under pressure (equivalent to a large man’s hand
weight). The arm traverses a metal platform at a 45 degree
diagonal in alternating directions. The wiper is wetted and
a measured amount of an abrasive cleanser solution is a

applied to the metal platform. Once the test is started, it
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is stopped by the operator at ten cycle intervals and the
wiper surface is inspected. Once signs of wear appear,
inspection is more frequent. The point of failure is that
point at which the wiper is worn completely through at any
point.

Example No. 1 in Table 1 above is a wiper product made in
accordance with U.S. patent no. 3,879,257 which has been
incorporated herein by reference. The web is stratified
with the center layer containing both polyester and wood
pulp fiber. The outside layers are 100% wood pulp fiber.
The gravure pattern for application of the elastomer bonding

agent (latex) was a diamond pattern as depicted in Figure 5.

Example nos. 2A and 2B are similar to the wipef product of
Example no. 1. Both ers are stratified with the center
layer containing both polyester and wood pulp fiber. The
outside layers are 100% wood .pulp fiber. The gravure
pattern for application of the elastomer bonding agent
(latex) for Example 2A was a dot pattern as depicted in
Figure 4. The gravure pattern for application of the
elastomer bonding agent (latex) for Example no. 2B was a
diamond pattern identical to the .gravure pattern for Example
no. 1. Howéver, the amount of iatex actually applied to the
web of Example nos. 2A and 2B is less than half the amount
of latex applied in Example no. 1. The basis weights (BW)
of Examples 2A and 2B were lower than the basis weight of
Example no. 1. With lower basis weights and lower latex

add-on, it is not surprising that Examples 2A and 2B exhibit
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a drop in cured cross direction wet tensile strength‘(CCDWT)
and a drop in solvent cross direction wet tensile strength
as compared to Example no. 1.
Example nos. 3A and 3B are webs of the present invention
made with the method of the present invention. Both are

stratified webs with the center layer containing both bi-

.component and wood pulp fiber. The bi-component fiber has a

polyester core and a polyethylene sheath. The outside
layers are 100% wood pulp fiber. The gravure pattern for
application of the elastomer bonding agent (latex) for
Example 3A was a dot pattern. The gravure pattern for
application of the elastomer bonding agent (latex) for
Example no. 3B was a diamond pattern, again identical to the
gravure pattern for Example no. 1. The basis weights (BW)
of Examples 3A and 3B were the samé as the basis weight of
Example no. 2B. The latex add-on for Examples 3A and 3B
were substantially the same as the add-on for Examples 2A
and 2B. From the Table above it can be seen that Examples
3A and 3B exhibit very significant improvement over Examples
2A and 2B when comparing the properties of machine direction
tensile strength (MDT), cross direction tensile strength
(CDT), cured cross direction wet -tensile strength (CCDWT),
peel, wear, and solvent cross direétioh tensile strength.
In fact, the webs of Examples 3A and 3B are superior to the
web of Example 1 when compafing those same properties
despite having lower basis weights and lower latex add-ons.
Looking at the graph of Figure 6, there is plotted the wet

(water) and solvent tensile strengths per pound of basis
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weight versus the percentage of bi-component fiber contained

in a web made with the process of the present invention. In

each case the web is homogeneous. The wet and solvent

tensile strengths remain relatively flat until the level of
bi-component fiber reaches about 15% by weight of the total
web. The wet and solvent tensile strengths then increase as
the percentage of bi-component fiber increases with the wet
and solvent tensile strengths beginning ﬁo level out as the
percentage of bi-component fiber reaches 50% of the total
weight of the web. The greatest benefit to wet and solvent
tensile strengths seems to be achieved when the amount of
bi-component fiber is in the range of from about 15% to
about 35% of the total weight of the web. The principal
exception is the wet tensile Strength of the post cured web.
The post cured web went through a second curing step in
addition to passing through curing oven 42. The wet tensile
Strength of the post cured web begins to increase
immediately with addition of a small percentage of bi-
component fiber. 1In addition, the wet tensile strength of
the post cured web continues to rise relatively sSteeply even
as the percentage of bi-component fiber reaches 50% of the
total weight of the web. This indicates that all of the
achievable. wet tensile strength and, likely the solvent
tensile strength, is not being obtained with the curing oven
42. A second curing step, or a longer residence time in the
curing oven should therefore achieve even greater wet and

solvent tensile strengths, if desired.
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Table 2 below shows that much of the benefit of the present
invention can be achieved with less bi-component fiber in
the web if the web is stratified with the bi-component
fiber concentrated in the center or core layer. Samples A,
B and C were all formed homogeneously. Samples D and E were
stratified web structures with the polyester and the bi-

component fiber located in the respective center layers.

TABLE 2
SAMPLES
A B c D E

GRAVURE PATTERN DOT DOT DOT DOT DoT
BW. (1bs/ream) 44 41 42.2 48.2 49.7
MDT (o0z.)" 1.88  2.78 3.32 2.26 3.66
MDS (%) 21 27 29 22 33
CDT (o0z.)"* . 0.9 1.05 1.59 1.14 1.57
CDS (%) 22 30 35 16 25
CDWT (o0z.)"® 0.55 0.73 0.96 0.56 0.78
CCDWT (o0z.)° 0.59 0.85 0.98 0.73 0.99
TWA, G/G 6.75 6.50 6.0 5.7 5.5
BULK 14.4 14.3 14.1 12.5 13.3
% WOOD PULP 85% 85% 75% 85% 85%
% POLYESTER 15% 0% 0% 15% 0%
% BI-COMPONENT 0% ‘15% 25% 0% 15%
FIBER DENIER :

BI-COMPONENT - 2 2 -

POLYESTER 1.5 - - 1.5 -
SOLVENT CD TENSILE

IPA (0z.)® 0.59 0.54 0.75 0.45 0.72

MS (0z.)* 0.66 0.66 1.04 0.84 1.23

PCE (0z.)" 0.52 0.56 0.83 0.42 0.70

MEK (o0z.)" 0.43 0.44 .0.66 0.34 0.66

IPA = isopropyl alcohol
MS = mineral spirits

PCE = perchloroethylene
MEK = methyl ethyl ketone

* data is normalized per pound of basis weight (BW)
Comparing Samples A and B and understanding that Sample B
has a lower basis weight, it can be seen that the listed

properties are generally very slightly improved by using bi-
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component fiber as opposed to polyester. These benefits are
the result of heat setting the web structure in the cure
oven. By way of example, the cross direction wet tensile
strength (CDWT) of Sample B falls from 0.73 oz. to 0.44 oz.
when that same web is made with the cure oven turned off.
Sample C shows that the properties are greatly improved over
those of Sample B by increasing the bi-component fiber
content to 25% by weight of the total fiber in the web.
Samples B and E are the same with regard to fiber content.
Each contains only 15% by weight bi-component fiber and 85%
wood pulp fiber. However, the properties of Sample E are
similar to those of Sample C which contains 25% bi-component
fiber. The increase in machine direction, cross direction,
solvent and wet tensile strengthé is the result of
stratifying the web such that the bi-component fiber is
concentrated in the center or core layer. Again, these
benefits are the result of heat setting the web structure in
the cure oven. The cross direction Qet tensile strength
(CDWT) of Sample E falls from 0.78 Oz. to 0.38 oz. when that
same web is made with the cure oven turned off. Each of the
samples presented in Table 2 went through a curing step in
addition to passing through the cure oven 42. The
additional curing step was, in each case, an additional 3
minutes at a temperature of 300°F. The data for cured cross
direction wet tensile strength (CCDWT) indicates that the
maximum web strength is not being reached in the cure oven

42,
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From the foregoing, it will be seen that this invention .is
one well adapted to attain all of the ends and objects
hereinabove set forth together with other advantages which
are apparent and which are inherent to the product and

5 process.

As many possible embodiments may be made of the invention
without departing from the scope thereof, it is to be
understood that all matter herein set forth or shown in the
accompanying drawings is to be interpreted as illustrative

10 and not in a limiting sense.
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What is claimed:

1. A fibrous web formed from a furnish of both
lignocellulosic fibers and bi-component fibers, said fibrous
web having a basis weight in the range of from about 20 1bs
per ream to about 60 1lbs per ream, said fibrous web having
two substantially planar surfaces, said fibrous web having
had bondlng material applied in at least one pattern to each
of said surfaces, and of said fibrous web having been creped
at least twice from a creping surface, said fibrous web
comprising:

(a)  lignocellulosic fibers making up from about 50% to
about 94% by weight of said fibrous web;

{b) bi—éomponent fibers of polyester and polyolefin making
up from about 6% to about 50% by weight of said fibrous web,
said fibrous web having an undulating disposition due to
creping and having first and second strong, abrasion
resistant, laminate-like surface regions interconnected by
an absorbent central core region, the central core reg1on
having a de-densified Structure as compared to surface
regions as a result of creping, said bi-component fibers
being tack bonded to one another at the points of contact
with one another to set the de-densified structure of the
central coré region thereby making the fibrous web resistant
to wet collapse.

2. A fibrous web formed from a furnish of both
lignocellulosic fibers and bi-component fibers, said fibrous
web having a basis weight in the range of from about 20 lbs

Peér ream to about 60 lbs per ream, said fibrous web having
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two substantially planar surfaces, said fibrous web having
had bonding material applied in at least one pattern to each
of said surfaces, and said fibrous web having been creped at
least twice from a creping surface, said fibrous web as
recited in claim 1 wherein:

said fibrous web was formed from a stratified headbox such
that the central core region is formed substantially from
said bi-component fibers and wherein said bi-component
fibers make up from about 6% to about 33% by weight of said
fibrous web.

3. A method for making a fibrous web having a basis
weight in the range of from about 20 1lbs per ream to about
60 lbs per ream, the method comprising the steps of:

(a) depositing a furnish containing lignocellulosic fibers
making up from about 50% to about 94% of the dry weight of
the fiber content of said furnish, and bi-component fibers
of polyester and polyolefin making up from about 6% to about
50% of the dry weight of the fiber content of said furnish
onto a forming wire to thereby form an embryonic web;

(b) drying the web to at least 90% dry;

(c) applying a bonding material in a pattern to a first
side of the web;

(@) adhering the first side of the er to a first heated
Ccreping surface;

(e) creping the web from said first heated creping
surface;

(£) applying a bonding material in a pattern to a second

side of the web;
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(g) adhering the second side of the web to a second heated

creping surface;

(h)  creping the web from said first heated creping
surface, said creping steps forming a de-densifigd central
core region in said web;

(1) heating the web to a temperature above the tack point
of the bi-component fibers to bond said bi-component fibers
to one another and thereby stabilize said de-densified
central core region so that said central core region is
resistant to wet collapse.

4. A method for making a fibrous web having a basis
weight in the range of from about 20 1lbs per ream to about
60 lbs per ream, the method comprising the steps of:

(a) forming a web containing lignocellulosic fibers making
up from about 50% to about 94% of the dry weight of the
fiber content of said web, and bi-component fibers of
polyester and polyolefin making up from about 6% to about
S50% of the dry weight of the fiber content of said web;

(b) applying a bonding material in a pattern to a first
side of the web;

(c) adhering the first side of the web to a first heated
creping surface;

(d) creping the web from said first heated creping
surface;

(e) applying a bonding material in a pattern to a second
side of the web;

(£) adhering the second side of the web to a second heated

creping surface;
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(g) creping the web from said first heated creping
surface, said creping steps forming a de-densified central
core region in said web;

(h) heating the web to a temperature above the tack point
of the bi-component fibers to bond said bi-component fibers
to one another and thereby stabilize said de-densified
central core region so that said central core region is
resistant to wet collapse.

5. A method for making a fibrous web having a basis

weight in the range of from about 20 lbs per ream to about
60 lbs per ream, the method as recited in claim 4 wherein:
said web is stratified such that a layer of said bi-

component fibers resides between layers of said

lignocellulosic fibers.

6. A method for making a fibrous web having a basis
weight in the range of from about 20 lbs per ream to about
60 lbs per ream, the method as recited in claim S wherein:
said web contains lignocellulosic fibers making up from
about 34% to about 94% of the dry weight of the fiber
content of said web, and bi-component fibers of polyester
and polyethylene making up from about 6% to about 33% of the
dry weight of the fiber content of said web.
7. A method for making a fibrous web having a basis
weight in the range of from about 20 lbs per ream to about
60 lbs per ream, the method as recited in claim 4 wherein:
the bi-component fibers comprise a polyester core and a
polyolefin sheath, the polyolefin sheath having a melting

point in the range of rom about 220°F to about 300°F.
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8. A fibrous web formed from a furnish of both
lignocellulosic fibers and bi-component fibers, said fibrous
web having a basis weight in the range of from about 20 1lbs
per ream to about 60 lbs per ream, said fibrous sheet web
having had bonding material applied in at least one pattern
to each surface thereof, and said fibrous web having been
creped at least twice from a creping surface, said fibrous
web as recited in claim 1 wherein:

said fibrous web is formed from a homogeneous furnish and
said bi-component fibers comprise a polyester core and a
polyolefin sheath, the polyolefin having a melting point in
the range of rom about 220°F to about 300°F.

9. A fibrous web formed from a furnish of both
lignocellulosic fibers and bi-cdmponent fibers, said fibrous
web having a basis weight in the range of from about 20 lbs
Per ream to about 60 lbs per ream, said fibrous sheet web
having had bonding materiai applied in at least one pattern
to each surface thereof, and said fibrous web having been
creped at least twice from a creping surface, said fibrous
web as recited in claim 8 wherein:

said polyolefin sheath is polyethylene.

10. A method for making a fibreous web having a basis
weight in the fange of from about 20 lbs per ream to about
60 lbs per ream, the method as recited in claim 7 wherein:

said polyolefin sheath is polyethylene.

11. A fibrous web formed from a furnish of both
lignocellulosic fibers and bi-component fibers, said fibrous

web having a basis weight in the range of from about 20 lbs
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per ream to about 60 lbs per ream, said fibrous sheet web
having had bonding material applied in at least one pattefn
to each surface thereof, and said fibrous web having been
creped at least twice from a creping surface, said fibrous

web as recited in claim 1 wherein:

said bi-component fibers of polyester and polyethylene make

‘up from about 15% to about 35% by weight of said fibrous

web.
12. A method for making a fibrous web having a basis
weight in the range of from about 20 lbs per ream to about
60 lbs per ream, the method as recited in claim 4 wherein:
said furnish contains lignocellulosic fibers making up from
about 65% to about 85% of the dry weight of the fiber
content of said furniéh, and bi-component fibers of
polyester and polyolefin making up from about 15% to about
35% of the dry weight of the fiber content of said furnish.
13, A method for making a fibrous web having a basis
weight in the range of from about 20 lbs per ream to about
60 lbs per ream, the method as recited in claim 3 wherein:
said furnish contains lignocellulosic fibers making up from
about 65% to about 85% of the dry weight of the fiber
content of said furnish, and bi-component fibers of
polyester and polyolefin'making up from about 15% to about
35% of the dry weight of the fiber content of said furnish.
14. A method for making a fibrous web having a basis
weight in the range of from about 20 lbs per ream to about

60 lbs per ream, the method as recited in claim 4 wherein:
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the bi-component fibers comprise a polyester core and a
polyolefin sheath, the polyolefin sheath having a melting
point in the range of rom about 260°F to about 300°F.

15. A fibrous web formed from a furnish of both .
lignocellulosic fibers and bi-component fibers, said fibrous
web having a basis weight in the range of from about 20 1bs
per ream to about 60 lbs per ream, said fibrous sheet web
having had bonding material applied in at least one pattern
to each surface thereof, and said fibrous web having been
creped at least twice from a creping surface, said fibrous
web as recited in claim 1 wherein:

said fibrous web is formed from a homogeneous furnish and
said bi-component fibers comprise a polyester core and a
polyolefin sheath, the polyolefin having a melting point in

the range of from about 260°F to about 300°F.
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